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(54) LIQUID CRYSTAL DISPLAY

(57) The Jiquid crystal display device comprises a
liquid crystal ceil with liquid crystals sealed thereinbe-

*

tween. sandwiched between two transparent substrates

having an electrode on each of the inner surfaces

thereof facing each other, an absorption-type polarizing

film disposed on the visible side of the liquid crystal cell,

a reflection-type polarizing film disposed on the side of

the liquid crystal cell, opposite from the visible side. The
absorption-type polarizing film is a polarizing sheet

absorbing a light linearly polarized in the direction

orthogonal to the transmission axis thereof while the

reflection-type polarizing film is a polarizing sheet

reflecting a light linearly polarized in the direction

orthogonal to the transmission axis thereof. A light

reflection film or a color filter may preferably be dis-

posed under the reflection-type polarizing filnTFurther,

a light diffusing layer or a light diffusing film may prefer-

ably be disposed on the visible side of the absorption-

type polarizing film.

FIG.1
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Description

TECHNICAL FIELD

[0001] The invention relates to a liquid crystal dis-

play device for use as a display panel in various elec-

tronic equipment such as a timepiece (watch and dock),

portable information equipment, and so forth.

BACKGROUND TECHNOLOGY

[0002] A timepiece for indicating digital display of

time information such as the hour, minute, and second,

and calendar information such as the date, days of the

week, the month, and the year, by use of a liquid crystal

display panel, has been in widespread use for wrist

watches and clocks, provided with a crystal oscillation

circuit

[0003] There has also been in use a combination

watch wherein an analog display indicating time infor-

mation by the hands of the watch is used in combination

with digital display indicating time information and cal-

endar information in numbers and letters.

[0004] Further, there has been proposed an analog

watch for selectively displaying markers in various pat-

terns, or for displaying simulated bands for an hour

hand, a minute hand, and a second hand, by providing

the dial thereof based on a liquid crystal display panel

(refer to, for example, Japanese Patent Laid-open S 54-

153066).

[0005] A reflective-type liquid crystal display device,

small in size and consuming very little electric power,

has been in widespread use as a display panel for dis-

playing necessary information (character information

and graphic information) in various electronic equip-

ment other than a timepiece, such as cellular phones,

desktop electronic computers, game players, and so

forth.

[0006] As such a liquid crystal display device as

described above, in a conventional liquid crystal display

panel, a liquid crystal cell filled with liquid crystals is

sandwiched between two transparent substrates having

an electrode on respective inner surfaces thereof, facing

each other, and an upper polarizing film and a lower

polarizing film are disposed, respectively, on the exter-

nal surface of the transparent substrates, on the oppo-

site sides. If an electric field is applied to the liquid

crystals Jty applying a voltage to a pair of electrodes on

the transparent substrates holding the liquid crystal cell

therebetween, the optical property of the liquid crystals

is changed, thereby locally controlling transmission and

absorption of light falling on the liquid crystal display

panel such that a predetermined display is effected.

[0007] Either of the upper polarizing film or the

lower polarizing film is a polarizing film absorbing the

light linearly polarized in the direction orthogonal to the

transmission axis thereof.

[0008] In the case of a watch using the conventional

liquid crystal display panel described above, time infor-

mation and calendar information are displayed in black

against a white background in a normally white mode
that is common.

s [0009] However, by simply displaying time informa-

tion and calendar information in black against the white

background as described in the foregoing, neither varia-

tion in design nor interest can be offered, with a result-

ing tendency to lose soon popularity with consumers.

10 Probably, as a result consumption of digital watches has

recently been on the decline, and neither combination

watches nor analog watches with a liquid crystal display

panel have since received market acceptance.

[001 0] Similarly, with the conventional liquid crystal

is display panel used in electronic equipment other than a

timepiece, various information expressed in characters

and graphics is generally displayed in black against the

white background, and although there are sour wherein

information can be displayed in white against the black

zo background in an inverse mode, the conventional liquid

crystal display panel has still been found lacking in

design variation and aesthetic qualities.

[001 1 ] In light of the present situation as described,

the present invention has been developed, and an

25 object of the invention is to provide a liquid crystal dis-

play device for use in various electronic equipment such

as a timepiece (watch and clock), and so forth, capable

of offering attractive variation in design and displaying

information clearly so that a viewer can see the display

30 with greater ease.

DISCLOSURE OF THE INVENTION

[0012] To this end, a liquid crystal display device

35 according to the invention comprises a liquid crystal cell

with liquid crystals sealed thereinbetween, sandwiched

between two transparent substrates having an elec-

trode on each of the inner surfaces thereof facing each

other, an absorption-type polarizing film disposed on a

40 visible side of the liquid crystal cell, and a reflection-type

polarizing film disposed on a side of the liquid crystal

„. cell, opposite from the viable side thereof, and is char-

acterized in that the absorption-type polarizing film is a

polarizing sheet absorbing the light linearly polarized in

45 the direction orthogonal to the transmission axis thereof

while the reflection-type polarizing film is a polarizing

sheet reflecting the light linearly polarized in the direc-

tion orthogonal to the transmission axis thereof.

[0013] With the liquid crystal display device

so described above, a light reflection film is preferably dis-

posed on a side of the reflection-type polarizing film,

opposite from the liquid crystal cell.

[001 4] Or a color fitter may be disposed on a side of

the reflection-type polarizing film, opposite from the liq-

55 uid crystal cell.

[0015] _ A light reflection film may be further dis-

posed on a side of the color film, opposite from the

reflection-type polarizing film.

2
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[0016] Furthermore, with the liquid crystal display

device described above, a light diffusing layer or light

diffusing film is preferably disposed on a visible side of

the absorption-type polarizing film.

[0017] For the color filter described above, any of s

an absorption-type color polarizing film, a dielectric

multi-layered film, or an absorption-type color filter is

preferably adopted.

[0018] Further, it is desirable that, with respect to

the liquid crystal display devices described in the fore- 10

going, the absorption-type polarizing film and the reflec-

tion-type polarizing film are disposed such that the

transmission axes thereof either cross each other at

right angles, or run in parallel with each other.

[001 9] It is desirable that liquid crystals causing lin- is

early polarized light passing therethrough to undergo

phase modulation or intensity modulation are sealed in

the liquid crystal cell. For such the liquid crystals,

twisted nematic liquid crystals, supertwisted nematic

liquid crystals, or guest-host liquid crystals are prefera- 20

bly used.

[0020] Furthermore, it is desirable that the absorp-

tion-type polarizing film is disposed such that the trans-

mission axis thereof is oriented in the direction parallel

with or orthogonal to the long axes of liquid crystal mot- 25

ecules located on a visible side of the liquid crystal cell.

[0021 ] With the liquid crystal display device accord-

ing to the invention, constructed as described above,

half of incoming light falling thereon from the visible side

of the liquid crystal cell is absorbed by the absorption- 30

type polarizing film, but the other half of the incoming

light is transmitted therethrough, falling on the liquid

crystal cell, and when transmitted through the liquid

crystal cell, transmitted light is caused to undergo a
change in optica! property thereof, thereby forming por- 35

tions of the liquid crystal cell where light is fully reflected

by the reflection-type polarizing film, and other portions

thereof where light is transmitted therethrough, so that

metallic display can be effected.

. [0022] Depending on whether the transmission 40

axes of the absorption-type polarizing film and the

reflection-type polarizing film, disposed on either side of <,

the liquid crystal cell cross each other at right angles or

run in parallel with each other, on whether the transmis-

sion axis of the absorption-type polarizing film is ori- 45

ented in the direction parallel with or orthogonal to the

direction of the long axes of the liquid crystal molecules

located on the visible side of the liquid crystal cell, or

depending on types of liquid crystals in use and the

method of applying a voltage, either of the background so

part or the display segment of the liquid crystal cell can

be displayed in a metallic color through full reflection of

incoming light while the other can be displayed in a dark

color, a color of the interior of an electronic equipment a

color reflected by the light reflection film disposed there- ss

under, or a color transmitted through the colorjflter.

[0023] By way of example, operation is described

hereinafter in the case wherein the absorption-type

polarizing film and the reflection-type polarizing film,

disposed above and below the liquid crystal cell,

respectively, are arranged such that the transmission

axes thereof run in parallel with each other, and the liq-

uid crystal cell with twisted nematic liquid crystals hav-

ing a twist angle of 90 degrees sealed therein is used.

[0024] Half of the incoming light from the visible

side (above) of the liquid crystal cell is absorbed by the

absorption-type polarizing film. The other half of the

incoming light falls on the liquid crystal cell, and is trans-

mitted therethrough. In the background part where no
voltage is applied to the liquid crystals of the liquid crys-

tal cell, transmitted light is rotated by 90 degrees, and
turned into the light linearly polarized in the direction

orthogonal to the transmission axis of the reflection-

type polarizing film, thereby being reflected substan-
tially in full by the reflection-type polarizing film. As a
result the background part is displayed in a metallic

color (as against a mirror).

[0025] On the other hand, in the display segment of

the liquid crystal cell for displaying various information

such as time information, calendar information, and so
forth, where a voltage is applied to the liquid crystals,

light transmitted through the liquid crystal cell is not

rotated, and is turned into the light linearly polarized in

the direction parallel with the direction of transmission

axis of the reflection-type polarizing film, thereby being

allowed to pass through the reflection-type polarizing

film. Consequently, the display segment is displayed in

a dark color, or can be displayed in a transparent state

so as to show the internal structure of an electronic

equipment in which the liquid crystal display device is

mounted. Otherwise, if the light reflection film or the

color fitter is disposed on the underside of the reflection-

type polarizing film, the display segment can be dis-

played in an optional color such as a color reflected by
the light reflection film, or a color transmitted through

the color filter.

[0026] Hence, the invention can provide a liquid

crystal display device having variation in design and
offering users a sense of amusement.

[0027] Furthermore, with the liquid crystal display

device of the invention described above, if a light diffus-

ing film or a light diffusing layer is disposed on the visi-

ble side of the absorption-type polarizing film, this will

cause light reflected by the reflection-type polarizing

film to be diffused, thereby turning display in a metallic

tone into display in whiter and softer tones so as to be
seen by a user with greater ease while improving a
viewing angle characteristic of the liquid crystal display

panel as well.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

Fig. 1 Is a schematic sectional view showing the

construction of a first embodiment of a liquid crystal

3
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display device according to the invention;

Fig. 2 is an enlarged sectional view showing the

construction of a liquid crystal cell of the liquid crys-

tal display device;

Figs. 3 to 9 are schematic sectional views for illus-

trating the construction of second to eight embodi-.

ments of a liquid crystal display device according to

the invention, respectively;

Fig. 10 is a perspective view showing the external

view of a quartz watch for illustrating an application

example of the liquid crystal display device accord-

ing to the invention; and

Fig. 1 1 is a sectional view showing the internal con-

struction of the quartz watch.

BEST MODE FOR CARRYING OUT THE INVENTION

[0029] Preferred embodiments of a liquid crystal

display device according to the invention will be
described in detail hereinafter with reference to the

attached drawings.

First Embodiment Figs. 1 and 2

[0030] First a first embodiment of a liquid crystal

display device according to the invention, which is the

most basic embodiment, is described with reference to

Figs. 1 and 2.

[0031] Fig. 1 is a schematic sectional view for illus-

trating the construction of a liquid crystal display panel

making up the liquid crystal display device, and the fig-

ure shows an enlarged view of a liquid crystal cell and
respective polarizing films with respect to thicknesses

thereof and respective spacings therebetween.

[0032] As shown in Fig. 1, the liquid crystal display

panel 10 is made up of a liquid crystal cell 11, absorp-

tion-type polarizing film 12 disposed on the visible side

(the upper side in the figure) of the liquid crystal cell 11,

reflection-type polarizing film 14 disposed on the oppo-

site side (the underside in the figure) of the liquid cryst

at cell 11.

[0033] As shown in Fig.2, the liquid crystal cell 11

comprises two glass substrates 1,2, and liquid crystals

3 sandwiched between the two glass substrates so as

to be sealed in with sealing agents 4, and a twisted

nematic (TN) liquid crystal compound having a twist

angle of not more than 90 degrees is used for the liquid

crystals.3.

[0034] Transparent electrodes 5.6, made of indium

tin oxide(ITO), are formed on the inner faces of the two

glass substrates 1, and 2, respectively, on the side in

contact with the liquid crystals 3, and an aligning treat-

ment is further applied to the inner face of the respective

transparent electrodes, in contact with the liquid crystals

3, such that liquid crystal molecules are aligned in a pre-

determined direction. ~
[0035] The alignment condition of the liquid crystals

3 held between the transparent electrodes 5,6 is altered

by applying a voltage between the transparent elec-

trodes 5,6. thereby indicating various information in dig-

ital display or graphic display.

[0036] The absorption-type polarizing film 12 and
s the reflection-type polarizing film 14, disposed above

and below the liquid crystals cell 11, respectively, with

the liquid crystal cell 1 1 interposed therebetween, are

arranged so that respective transmission axes are

aligned parallel with each other.

io [0037] Further, the absorption-type polarizing film

12 disposed on the visible side is installed such that the

transmission axis thereof is oriented in the direction of

(that is, in parallel with) the long axes of liquid crystal

molecules located on the visible side of the liquid crys-

is talscellH.

[0038] The absorption-type polarizing film 12 is a
polarizing sheet absorbing the light linearly polarized in

the direction orthogonal to the transmission axis

thereof, and is the same as a conventional polarizing

film in common use.

[0039] On the other band, the reflection-type polar-

izing film 14 is a polarizing sheet reflecting the light lin-

early polarized in the direction orthogonal to the

transmission axis thereof. For example, an optical film,

DBEF (trade name), manufactured by Minnesota Mining

and Manufacturing Co., U. S. A., is used for the reflec-

tion-type polarizing film 14. The same can be obtained

from Sumitomo 3M Co., Ltd., in Japan.

[0040] The reflective type polarizing sheet

described above has been developed by the manufac-

turer described above, and disclosed in detail in JP
(PCT) H9-507308A (International Publication No.:

W095/17691) and JP(PC7)H9-511844A (International

Publication Na: W095/2791 9).

[0041] With the liquid crystal display panel 10

according to this embodiment of the invention, half of to

external light incoming from above as in Fig. 1 is first

absorbed by the absorption-type polarizing film 12 dis-

posed the visible side of the liquid crystal cell 11, and

the other half thereof is transmitted therethrough, falling

on the liquid crystal cell 11. Since no voltage is applied

to the liquid crystals 3 of the liquid crystal cell 1 1 in the

background part of information display, the transmitted

light felling thereon is rotated through 90 degrees by the

liquid crystals 3 (in this case, twisted-nematic crystals)

when transmitted through the liquid crystal cell 1 1 and is

turned to the light linearly polarized in the direction

orthogonal to the transmission axis of the reflection-

type polarizing fOm 14. Consequently, the linearly polar-

ized light transmitted through the liquid crystal cell 1 1 is

substantially reflected in full by the reflection-type polar-

izing film 14 disposed underneath the liquid crystal cell

11, and such reflected light outgoes along the optical

path described above but in the reverse direction, thus

indicating the background part of the information display

in a metallic color as is reflected by a mirror.

[0042] In the display segment of the liquid crystal

cell 1 1 , where a voltage has been applied for displaying

25

30

35

40

45

SO
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information, incoming light transmitted through the

absorption-type polarizing film 12 and falling on the liq-

uid crystal cell 1 1 is not rotated by the liquid crystals 3

when transmitted trough the liquid crystal cell 1 1 , and is

turned to the light linearly polarized in the direction run- s

ning parallel with the direction of the transmission axis

of the reflection-type polarizing film 14, thereby being

allowed to pass through the reflection-type polarizing

film 14.

[0043] Accordingly, if a light absorption member w
(layer, film, sheet; etc.) is installed on the underside of

the liquid crystal display panel 10, most of the light

transmitted through the reflection-type polarizing film 14
will be absorbed thereby, so that light reflected towards

the visible side will be eliminated, thus indicating the is

display segment in a black or a dark color.

[0044] However, if a white film, a gray film, or a var-

iously colored film (or sheet) is installed in place of the

light absorption member, irregular reflection therefrom

causes information to be displayed colorfully in white, a 20

gray, or an optional color, distinct from a metallic cqlpr.in

which the background is displayed.

[0045] Otherwise, by mounting the liquid crystal dis-

play panel 10 as it is in an electronic equipment such as
an electronic timepiece, and so forth, it is possible to ss

display the background part in the metallic color while,

in the display segment for displaying information, the

internal structure of the electronic equipment will

become visible from the oiitside,thereby providing an
amusing display. 50

[0046] Accordingly, in marked contrast with the con-

ventional liquid crystal display panel for indicating digital

display of time information, calendar information, and so
forth, and indicating display of various information in a
black or a dark color against the background in a white 35

or a gray color, the liquid crystal display panel according

to the invention is capable of indicating display in a
transparent color or in an optional color against the

background in a metallic tone, offering variation and
enhancing a user's sense of amusement. 40

[0047] Further, if the absorption-type polarizing film

12 and the reflection-type polarizing film 14,disposed <,

above and below the liquid crystal cell 1 1 , respectively,

with the liquid crystal cell 11 interposed therebetween,

are arranged such that respective transmission axes 45

thereof cross each other at right angles so as to con-

form to the twist angle of the liquid crystals 3, the display

condition can be inverted between the background part

ahd the display segment, thereby enabling various infor-

mation to be displayed in a mirror-like metallic color so

against the background in a dark, a transparent or an
optional color.

[0048] Needless to say, it is to be pointed out that

the invention is applied to not only a liquid crystal dis-

play device using a liquid crystal display panel for indi- 55

eating digital display wherein the electrodes 5, 6 of the

liquid crystal cell 1 1 are formed in a plurality ofsegment
patterns such as a seven-segment pattern for displaying

numbers, and so forth, but also to a liquid crystal display

device using a liquid crystal display panel for displaying

various characters and graphics-wherein the electrodes

5, 6 of the liquid crystal cell 1 1 are formed in a dot-

matrix pattern.

[0049] The case wherein the liquid crystals that are
sealed in the liquid crystal cell 1 1 are twisted nematic
(TN) liquid crystals, causing linearly polarized light

passing therethrough to undergo phase modulation,

has been described in the foregoing by way of example.
However, supertwisted nematic (STN) liquid crystals

and guest host liquid crystals causing linearly polarized

light passing therethrough to undergo intensity modula-
tion may be used instead.

[0050] The guest-host liquid crystals belong to a
mixed type liquid crystal and are produced by dissolving

a dichroic dye as solute in liquid crystal compounds as
solvent. If the alignment condition of the guest-host liq-

uid crystal molecules is caused to change by applying

an electric field thereto, alignment of the dichroic dye
can be controlled following movement of the guest-host

liquid crystal molecules, thereby indicating display after

modulating absorption of light incoming from a given

direction.

[0051] Accordingly, by putting the guest host liquid

crystals to use as the liquid crystals 3 of the liquid crys-

tal cell 11 in the liquid crystal display panel described
above, it is made easier to color the display segment
against the background shown in a metallic color.

Second to Eighth Embodiments: Figs. 3 to 9

[0052] Now, second to eighth embodiments of a liq-

uid crystal display device according to the invention are

described with reference to Figs, 3 to 9. Figs. 3 to 9 are

schematic sectional views, similar to Fig. 1, each show-
ing the construction of a liquid crystal display panel

used in carrying out the respective embodiments of a
liquid crystal display device according to the invention.

In these figures, parts corresponding to those previ-

ously described with reference to Fig. 1 are denoted by
the same reference numerals, and description thereof is

omitted.

[0053] Fig. 3 shows the construction of a liquid

crystal display panel used in the liquid crystal display

device according to the second embodiment of the

invention, and this liquid crystal display panel differs

from the liquid crystal display panel according to the first

embodiment of the invention, as shown in Fig. 1 , only in

that a light reflection film 15 is disposed on a side (the

underside in the figure) of a reflection-type polarizing

fOm 14, opposite from a liquid crystal cell 1 1 , the reflec-

tion-type polarizing film 14 being disposed on a side of

the liquid crystal cell 11, opposite from a visible side

thereof.

[0054] for the light reflection film 15. a member
made of a film-like substrate with a film of metal such as
aluminum, nickel, and so forth, formed thereon, or a die-

5
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lectric multi-layered film is used. Further, a light reflec-

tion film with a mirror-like surface may be used,

however, a light reflection film in a gold color with some-

what roughened surface, a light reflection film in a white

or a gray color, or a colored light reflection film causing

a light component at a specific wavelength only to

undergo irregular reflection (any of these light reflection

films may be a light reflection sheet or a light reflection

film provided with coating etc.) may be used as well.

[0055] Light transmitted through the reflection-type

polarizing film 14 can be reflected by the light reflection

film 15 so as to outgo towards the visible side along the

same optical path as that for incoming light but in the

reverse direction.

[0056] As a result a utilization efficiency of light is

enhanced, enabling bright display to be executed by vir-

tue of a metallic color in sharp contrast with a white

color, a gray color, or an optional color.

[0057] Further, in the case wherein the light reflec-

tion film with the mirror-like reflection surface is used for

the light reflection film 15, both the background part and

the display segments will be in a display condition in a

metallic tone due to total reflection. However, color

tones of respective parts can be differentiated as those

of silver against gold, and in addition, display, when

seen from a somewhat slant viewing angle, will have a

three-dimensional effect due to a difference in the posi-

tion of light reflection between the Respective parts.

[0058] Rg. 4 shows the construction of a liquid

crystal display panel used in the liquid crystal display

device according to the third embodiment of the inven-

tion. This liquid crystal display panel differs from the liq-

uid crystal display panel according to the first

embodiment of the invention, as shown in Fig. 1, only in

that a color fitter 16 is disposed on a side (the underside

in the figure) of a reflection-type polarizing film 14,

opposite from a liquid crystal cell 11, the reflection-type

polarizing film 14 being disposed on a side of a liquid

crystal cell 1 1 , opposite from a visible side thereof.

[0059] For the color filter 16, an absorption-type

color polarizing film, a dielectric multi-layered film, or a

selective absorption-type filter is adopted.

[0060] As a component of light transmitted through

the reflection-type polarizing film 14, at a specific wave-

length only, can be transmitted through the color filter 1

6

which is disposed underside of the reflection-type polar-

izing film 1 4, display parts for various information can be

colored,by disposing a white film thereunder.

[0061] Fig. 5 shows the construction of a liquid

crystal display panel used in the liquid crystal display

device according to the fourth embodiment of the inven-

tion. This liquid crystal display panel differs from the

crystal display panel according to the first embodiment

of the invention, as shown in Fig. 1, only in that a light

diffusing film (scattering film) 1 7 is disposed on a visible

side (the topside in the figure) of an absorption-type

polarizing film 12 disposed on a visible side of a liquid

crystal cell 11.

[0062] The light diffusing film 17 is formed, for

example, by applying a binder with silica particles con-

sisting of silicon oxide, acrylic beads, or calcium pow-

ders that are mixed therein to a transparent film-like

5 substrate. Or the light diffusing film 17 may be formed

by applying embossing to the surface of a transparent

base film. The light diffusing film 17 may be formed by

sticking such a film described above directly to the

upper surface of the absorption-type polarizing film 12,

io or by coating the same with a light diffusion agent.

[0063] With such a construction as described

above, wherein the light diffusing film 1 7 or a light diffus-

ing layer is disposed on the visible side of the absorp-

tion-type polarizing film 12, light reflected by the

is reflection-type polarizing film 14 acting like a mirror is

diffused, thereby moderating a metallic tone in which

the background part is indicated and turning the display

into softer and more elegant tones while improving a
viewing angle characteristic of the liquid crystal display

20 panel as well.

[0064] Fig. 6 shows the construction of a liquid

crystal display panel used in the liquid crystal display

device according to the fifth embodiment of the inven-

tion. This liquid crystal display panel differs from the

25 crystal display panel according to the fourth embodi-

ment of the invention, as shown in Rg. 5, only in that a
color filter 16 is disposed on a side (the underside in the

figure) of a reflection-type polarizing film 14, opposite

from a liquid crystal cell 1 1

.

30 [0065] The color filter 1 6 is of the same kind as the

color filter 16 described in the third embodiment of the

invention with reference to Rg. 4.

[0066] Accordingly, the liquid crystal display panel

according to the fifth embodiment has the function of the

35 liquid crystal display panel according to the third

embodiment (Rg. 4) in combination with that of the

fourth embodiment (Rg. 5), so that display can be indi-

cated in softer and more elegant tones by moderating a

metallic tone in which the background part is indicated

40 while improving a viewing angle characteristic and

capable of displaying information in an optional color.

* [0067] Rg. 7 shows the construction of a liquid

crystal display panel used in the liquid crystal display

device according to the sixth embodiment of the inven-

45 ton. This liquid crystal display panel differs from the

crystal display panel according to the fourth embodi-

ment of the invention, as shown in Rg. 5, only in that a

light reflection film 15 is disposed on a side (the under-

side in the figure) of a reflection-type polarizing film 14,

so opposite from a liquid crystal cell 1 1

.

[0068] The light reflection fDm 1 5 is of the same kind

as the light reflection film 15 described in the second

embodiment of the invention with reference to Rg. 3.

[0069] Accordingly, the liquid crystal display panel

ss according to the sixth embodiment has the function of

the second embodiment (Fig. 3) in combination with that

of the fourth embodiment (Fig. 5), so that display can be

indicated in softer and more elegant tones by moderat-

6
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ing a metallic tone in which the background part is indi-

cated while improving a viewing angle characteristic

and capable of providing a bright display by improving

the utilization efficiency of light.

[0070] Fig. 8 shows the construction of a liquid s

crystal display panel used in the liquid crystal display

device according to the seventh embodiment of the

invention. This liquid crystal display panel differs from

the crystal display panel according to the third embodi-

ment of the invention, as shown in Fig. 4, only in that a 10

light reflection film 15 is disposed on a side (tine under-

side in the figure) of a color filter 16, opposite from a
reflection-type polarizing film 14.

[0071] This light reflection film 15 is of the same
kind as the light reflection film 15 described in the sec- 75

ond embodiment of the invention with reference to Fig.

3.

[0072] Accordingly, the liquid crystal display panel

according to the seventh embodiment has the function

of the third embodiment (Fig. 4) in combination with that so

of the second embodiment (Fig. 3), so that light trans-

mitted through both the reflection-type polarizing film 14

and the color filter 16 is reflected by the light reflection

film 15 towards the visible side. As a result, colored dis-

play of various information can be provided against the 25

background in a metallic tone while the display can be
rendered brighter by improving the utilization efficiency

of light

[0073] Fig. 9 shows the construction of a liquid

crystal display panel used in the liquid crystal display 30

device according to the eighth embodiment of the inven-

tion. This liquid crystal display panel differs from the

crystal display panel according to the seventh embodi-

ment of the invention, as shown in Fig. 8, only in that a

light diffusing film 17 is disposed on a visible side (the 35

topside in the figure) of the absorption-type polarizing

film 12.

[0074] The light diffusing film 1 7 is of the same kind

as the light diffusing film 17 described in the fourth

j

embodiment of the invention with reference to Fig. 5, <o

and may be a light diffusing layer.

[0075] Accordingly, the liquid crystal display panel Hl

according to the eighth embodiment has the function of

the seventh embodiment of the invention as described

with reference to Fig. 8 in combination with that of the 45

fourth embodiment of the invention as described with

reference to Fig. 5, so that a bright display can be indi-

cated in softer and more elegant tones by moderating a
metallic tone in which the background part is indicated

while improving a viewing angle characteristic of the liq- so

uid crystal display panel.

[0076] In any of the embodiments described in the

foregoing, various modifications described in the first

embodiment can be applied for the same effects.

Application Example of the liquid crystal display device

of the invention

[0077] Now a digital quartz watch wherein the liquid

crystal display device according to the invention is used
will be described hereinafter by way of example.

[0078] Fig. 10 is a perspective view of the watch
showing the external view thereof and Fig. 1 1 is a sec-

tional view showing the internal structure thereof.

[0079] A case 20 of the quartz watch comprises of

a glass 22 and a case back 23, integrally joined with a
case body 21 made of metal.

[0080] The glass 22 is made of a transparent mate-
rial such as sapphire glass, tempered glass, or plastic,

and is integrally joined with the front face of the case
body 21 by means of direct bonding, or fitting therein

using packing. The case back 23 is integrally joined with

the back face of the case body 21 by means of screws
or fittings using packing.

[0081 ] Thus, the case 20 has an airtight inner struc-

ture so as not to allow ingress of dust or moisture.

[0082] A liquid crystal display panel (liquid crystal

display device) 10 to serve as a display for indicating

time and so forth is installed on the side of the glass 22
inside the case 20.

[0083] The liquid crystal display panel 10 com-
prises a time display section 1 0a for displaying the hour,

minute, and second, a calendar display section 10b for

displaying month, day, days of the week; and a colon

mark display section 10c that blinks every second, for

example.

[0084] Further, the liquid crystal display panel 1 0 is

capable of displaying functions including time display for

12 consecutive hours or 24 consecutive hours as usual,

an alarm function, a stopwatch function, a timer func-

tion, and so forth.

[0085] Changeover among such various functions,

and correction of time, are executed by manipulating a
plurality of switching buttons 24 installed in the side of

the case body 21 of the case 20. A packing is provided

between each of the switching buttons 24 and the case

body 21 so as not to allow ingress of dust and moisture

into the case 20.

[0086] As shown in Fig. 11, the quartz watch has an
inner structure such that the liquid crystal display panel

10 and a printed circuit board 30 are disposed substan-

tially parallel with each other inside the case 20, and a
battery 31 for serving as a driving power source of the

printed circuit board 30 is installed on the case back 23
side of the printed circuit board 30.

[0087] A semiconductor integrated circuit 33 com-
prising a crystal oscillator 32 having an oscillation fre-

quency of 32,768 Hz, a crystal oscillation circuit for

generating a predetermined signal by oscillating the

crystal oscillator, a counting-down circuit, a driving cir-

cuit for driving the liquid crystal display panel 10, a cen-

tral processing unit (CPU) for overall control of the

quartz watch, and so forth, is mounted on the printed

7
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circuit board 30.

[0088] The liquid crystal display panel 10 is electri-

cally connected with the printed circuit board 30 via a

zebra-rubber connector 34 disposed therebetween. The

zebra-rubber connector 34 is disposed so as to be com-

pressed thicknesswise in order to ensure electrical con-

nection between the liquid crystal display panel 10 and

the printed circuit board 30.

[0089] The zebra-rubber connector 34 is made up

of electrically conductive layers, composed of insulating

silicone rubber with carbon and metal particles con-

tained therein, and formed at a predetermined pitch,

and electrically conductive in the direction of thickness

thereof via the respective electrically conductive layers,

but is in a transversely insulated condition between

adjacent electrically conductive layers.

[0090] A connection terminal pattern is formed on

the faces of the liquid crystal .display panel 10 and the

printed circuit board 30, opposite to each other, respec-

tively, in such a fashion as to correspond to vertically

conductive parts of the zebra-rubber connector 34,

formed of the electrically conductive layer, respectively,

and insulation parts of the zebra-rubber connector 34,

alternately disposed, and in dimensions at the same
pitch as that for the vertically conductive parts.

[0091] With the watch, external light falling on the

reflective-type liquid crystal display panel 10 from the

side of the glass 22 (the visible sid6) can indicate digital

display of time information such as the hour, minute,

and second, and calendar information such as date,

days of the week, month, and year in various states (in

a dark color, a white color, various other colors, or in

such a state as to allow the internal structure of the

watch to be visible from outside) against the back-

ground shown in a metallic tone.

[0092] Conversely, the display condition can be

inverted between the background part and the display

segment of the liquid crystal display panel 10 so that

time information, calendar information, and so forth can

be displayed in a metallic tone.

[0093] Any of the liquid crystal display panels

described hereinbefore in the first to the eighth embodi-

ments may be used as the liquid crystal display panel

10.

[0094] With the liquid crystal display panel 10, an

internal light source is not required because display is

indicated through reflection of incoming external light

However, in order to enable display to be executed even

in locations what no external light is available, for exam-

ple, at night or dark locations, a backlight may be

installed on the underside of the liquid crystal display

panel 10 (shown in any of Figs. 1, 4, 5. and 6), so that

transmission display can be effected by lighting up the

backlight only when any of the switches 24 is pressed

down.

INDUSTRIAL APPLICABILITY

[0095] As described in the foregoing, with the liquid

crystal display device according to the invention, vari-

5
, ous information can be displayed in various states such

as in a dark color, a white color, various other colors, or

in such a state as to allow the internal structure of an

electronic equipment to be visible from outside against

the background like a mirror or in a softened metallic

w tone when external light falls thereon.

[0096] Further, by inverting display conditions

between the background part and the information dis-

play segment of the liquid crystal display panel, charac-

ters, numbers, graphics, or so forth for representing

75 various information can be displayed in a metallic tona

[0097] Accordingly, the liquid crystal display device

according to the invention can be used as a display

panel incorporated in various electronic equipment such

as a digital quartz timepiece, other portable electronic

20 equipment, and so forth, thereby enabling novel and

amusing electronic equipment adaptable to variation in

design to be provided.

Claims

25

1 . A liquid crystal display device comprising:

a liquid crystal cell with liquid crystals sealed

thereinbetween, sandwiched between two

30 transparent substrates having an electrode on

each of inner surfaces thereof facing each

other,

an absorption-type polarizing film disposed on

a visible side of the liquid crystal cell; and

35 a reflection-type polarizing film disposed on a

side of the liquid crystal cell, opposite from the

visible side thereof;

said absorption-type polarizing film is a polariz-

ing sheet absorbing light linearly polarized in

40 the direction orthogonal to the transmission

axis thereof;

^ said reflection-type polarizing film is a polariz-

ing sheet reflecting light linearly polarized in

the direction orthogonal to the transmission

45 axis thereof.

2. A liquid crystal display device according to claim 1

.

wherein a light reflection film is disposed on a side

of the reflection-type polarizing film, opposite from

so the liquid crystal cell.

3. A liquid crystal display device according to claim 1

,

wherein a color filter is disposed on a side of the

reflection-type polarizing film, opposite from the liq-

55 uid crystal cell.

4. A liquid crystal display device according to claim 3,

wherein the color filter is an absorption-type color

8
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polarizing film, a dielectric multi-layered film, or an

absorption-type color filter.

5. A liquid crystal display device according to claim 1

.

wherein a light diffusing layer, or a light diffusing film

is disposed on a visible side of the absorption-type

polarizing film.

6. A liquid crystal display device according to claim 1

,

wherein a light diffusing layer, or a light diffusing film

is disposed on a visible side of the absorption-type

polarizing film, and a color filter is disposed on a

side of the reflection-type polarizing film, opposite

from the liquid crystal cell.

7. A liquid crystal display device according to claim 6,

wherein the color filter is an absorption-type color

polarizing film, a dielectric multi-layered film, or an

absorption-type color filter.

8. A liquid crystal display device according to claim 1

,

wherein a light diffusing layer, or a light diffusing film

is disposed on a visible side of the absorption-type

polarizing film, and a light reflection film is disposed

on a side of the reflection-type polarizing film, oppo-

site from the liquid crystal cell.

9. A liquid crystal display device according to claim 1

,

wherein a color filter is disposed on a side of the

reflection-type polarizing film, opposite from the liq-

uid crystal cell, and a light reflection film is disposed

on a side of the color filter, opposite from the reflec-

tion-type polarizing film.

10. A liquid crystal display device according to Claim 9,

wherein the color filter is an absorption-type color

polarizing film, a dielectric multi-layered film, or an

absorption-type color filter.

11. A liquid crystal display device according to claim 1,

wherein a light diffusing layer, or a light diffusing film

is disposed on a visible side of the absorption-type

polarizing film, a color filter is disposed on a side of

the reflection-type polarizing film, opposite from the

liquid crystal cell, and a light reflection film is dis-

posed on a side of the color filter, opposite from the

reflection-type polarizing film.

12. A liquid crystal display device according to claim

11, wherein the color filter is an absorption-type

color polarizing film, a dielectric multi-layered film,

or an absorption-type color filter.

14. A liquid crystal display device according to any one
of claims 1 to 12, wherein the absorption-type

polarizing film and the reflection-type polarizing film

are disposed such that the transmission axes

5 thereof run in parallel with each other.

15. A liquid crystal display device according to any one
of claims 1 to 12, wherein liquid crystals causing lin-

early polarized light passing therethrough to

io undergo phase modulation or intensity modulation

are sealed in the liquid crystal cell.

16. A liquid crystal display device according to claim

15, wherein the liquid crystals are twisted hematic
is liquid crystals.

17. A liquid crystal display device according to claim

15, wherein the liquid crystals are supertwisted

nematic liquid crystals.

20

18. A liquid crystal display device according to claim

15, wherein the liquid crystals are guest-host liquid

crystals.

25 1 9. A liquid crystal display device according to any one
of claims 1 to 12, wherein the absorption-type

polarizing film is disposed such that the transmis-

sion axis thereof is oriented in the direction parallel

with or orthogonal to the long axes of liquid crystal

30 molecules located on a visible side of the liquid

crystal cell.

35

40

45

60

1 3. A liquid crystal display device according to any one

of claims 1 to 12, wherein the absorption-type 55

polarizing film and the reflection-type polarizing film

are disposed such that the transmission axes

thereof cross each other at right angles.

9
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